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Results of Soil Profiling and Double Ring lnfiltrometer Testing
Mountaire Farms of Delaware, Millsboro, DE

INTRODUCTION

This report summarizes field work and presents the results of soil profiling and double ring
infiltrometer testing performed to determine the average and maximum soil infiltration rates at

the wastewater disposal site operated by Mountaire Farms of Delaware (Mountaire). The

disposal site encompasses approximately 900 acres within 13 spray fields along Highway 24 in
Millsboro, Delaware. Field studies were conducted in September and October 2019.

BACKGROUND

Mountaire was recently required by the Delaware Department of Natural Resources and

Environmental Control (DNREC) to update its existing Operations Permit (Permit No. 359191-

04), including verification of soil infiltration rates within the l3 spray fields. Mountaire's cuffent
Operations Permit allows for a maximum wastewater application rate of 2.5 inches per acre per

7-day period (inlwk.), which is the maximum application rate allowed by DNREC. Previous

investigations at Mountaire determined that infiltration velocity rates across the spray fields
ranged from2.25 to 17 inches per hour (idhr.). To support the current Operations Permit update,

new soil profiles were collected, and infiltration tests were performed. These data were used to

calculate current infiltration rates (in./wk.) for each of the spray fields.

DATA COLLECTION
Summary:

Earth Data was retained by Mountaire to perform the requisite field work and analyze the data in
support of the Operations Permit update. The work included digging test pits and soil profiling to
identi$ the most restrictive subsurface layer within the top 60 inches below land surface (bls),

and double ring infiltrometer testing. DNREC stipulated a minimum of one test pit and

infiltration test per 25 across the entire spray site, resulting in a total of 46 separate infiltration
tests. A total of 47 test pits were dug, one of which was used only for soil profiling.

Test Pits:

Mountaire provided a backhoe and operator to facilitate excavation of test pits to a depth of
approximately 7 feet bls at 47 locations across the 13 spray fields. At each test pit location an

Earth Data geologist assisted Bruce Bagley, a Delaware certified (D-3) soil scientist, in making

soil classification determinations. Field observations included soil horizon, United States

Department of Agriculture (USDA) texture, composition and color of matrix; redoximorphic
features; soil structure; and identification of the most limiting layer for infiltration testing. A map

identifuing the 13 spray fields and showing locations of the test pits is presented as Figure 1. At
46 test pit locations, double-ring infiltration testing was performed immediately adjacent to the

test pit once the appropriate test depth was determined. Table 1 presents a summary of the
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double ring infiltrometer testing, including the latitude and longitude of each test pit. Descriptive

soil data from each individual test pit can be found in Appendix A. Special note was made of test

pit locations where agricultural operations have resulted in varying degrees of soil compaction.

Mitigation of those conditions are discussed in the recommendations section of this report.

Inf,rltrometer Testins :

A total of 46 double-ring infiltration tests were conducted; all testing was performed in
accordance with ASTM standard D3385-18.

Double-ring testing involves installation of inner and outer rings set to the depth of the most

restrictive (limiting) subsurface layer. The rings are connected to a Mariotte (constant head) tube

which allows for a calculated volume of clean water to be added during the test. To facilitate
placement of the rings, a pit is dug to just above the depth of the limiting layer and the

infiltrometer rings are driven into the bottom of the pit to a depth of 6 inches. The soil surface

inside the inner ring is then hand raked to mitigate any compacted/smeared formation and help

achieve a more natural, undisturbed soil state. The inside and outside edges of the infiltrometer
rings are hand-packed to eliminate water leakage at surface.

Water is then added to the inner ring and maintained at a constant head of 6 inches above the

depth of the soil layer being tested. The design of the Mariotte tube allows for a constant level to

be maintained during the test. During testing the length of time required for a given volume of
water to inhltrate into the soil through the inner ring is measured with a stopwatch and recorded.

The volume of water added to maintain a constant head within the outer ring is also measured

and recorded. The temperature of the water was periodically recorded through-out the test. The

first 3 hours of each test is considered to be the time it takes for the soil to reach a saturated state

(pre-wetting). After the initial 3-hour pre-wetting period, readings are taken documenting the

time required for the measured volume of water to infiltrate the soil through the inner ring.

Testing continues until at least 3 readings within l}Yo of each other have been obtained.

Experience has shown this can take from 30 minutes to more than24 hours depending upon the

permeability of the saturated soil.

DATA ANALYSIS
Soil Types:

The extensive test pitting, soil descriptions and infiltrometer testing recently completed revealed

the Mountaire spray site can generally be viewed as north and south areas, characterized by

similar soil types but distinct infiltration rates.
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Based on field testing the north area was determined to consist of spray fields WHBJ-1, WHBJ-
2, WHBJ-3, WHBJ-4. WHBJ-5, WHBJ-6, and WHBJ-7. Similarly, field testing resulted in the

inclusion of fields CB-3, CB-3A, CB-38, CB-3C, CB-3DE, and CB-3DW in the south area.

The northern area is predominantly mapped as Arenic Hapludalt soils, which are moderately to

well drained. Inclusions of Aquic Hapludalt soil are present, which are mostly saturated soils that

are poorly drained. The south area is dominated by the moderately-to-well-drained Arenic
Hapludalt soils with some minor inclusions of the saturated, poorly drained Aquic Hapludalt
soils. This is a subtle, but important distinction.

Infiltration Velocity:

The field measurements of water flow into the inner ring are collected and reported in units of
milliliters per minute (ml/min). Field measurements are also corrected to a constant temperature

of 60 degrees F. To calculate the infiltration rate, the reported field data is converted to

infiltration velocity, expressed as inches per hour (in./hr.) according to the following formula:

Vrn: AVrn / (Nn x Lt)
Where

Vn:
AVrn

inner ring incremental infiltration velocity, in./hr.
: volume of water (cubic inches) used during the time interval to
maintain a constant head in the inner ring (ml x 0.061024) : in'
: internal area of the inner ring, in2
: time interval (hours)

Arn

Lt

The calculated inhltration velocities (irlhr.) for each of the 46 double-ring tests are part of the

data presented in Table 1. Also included are the limiting velocity rates, which were measured

during the final 30 to 60 minutes of each test and the "best fit" final rate determined from an

empirical analysis of the log-log data plot.

Using the limiting velocity rate measured for each double-ring test (the most conservative value),

the geometric mean was calculated for each individual spray field. Note: some calculated rates

wsre considered outliers and were not used in the determination of the geometric mean. Data

were considered outliers when the lowest calculated velocity was less than 0.01 in./hr. and the

highest calculated velocity was orders of magnitude greater than the other rates within a specific

spray field.

Graphical representations of the infiltration velocity data for each double ring test are presented

in Appendix B. Each graph also includes an additional plot showing the "best fit" approximation
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using the natural log or polynomial fit based on the slope and intercept of the measured times

and rates.

Maximum Percolation Rates

Infiltration velocities are one of the variables used in calculating soil loading and maximum
percolation rates. Note: the nitrogen balance was not considered in these calculations. The

United States Environmental Protection Agency (USEPA) standard method (Land Treatment of
Municipal Wastewater Effluents 198112006) considers the maximum percolation rate to be

between 4o/o and 10% of the infiltration rates observed during testing. Using the most

conservative value of 4%o, the maximum weekly percolation rates are calculated according to the

following formula:

Max Percolation Rate (inches/week) :lr x0.04 (4%) x 24 (hrs.) x 7 (days)

Where:

Iz : Infiltration Velocity (in.lhr.)

Similar to the infiltration velocity calculations described above, the geometric mean of the

calculated maximum percolation rates was determined for each individual spray field. These data

are presented in Table 2 and summarized below:

Spray Field I.D. Area
Designation

Max. Percolation
Rate (inlwk.)

WHBJ-I North 1.51

WHBJ-2 North 3.88
WHBJ-3 North 1.59
WHBJ-4 North 4.t7
WHBJ-5 North 1.s6
WHBJ-6 North 24.05
WHBJ-7 North 3.87
CB-3 South 2.30
CB-3A South 16.09
CB-38 South 31.80
CB-3C South 2.26
CB-3DE South 6.04
CB-3DW South 10.55

4lPage



Results of Soil Profiling and Double Ring lnfiltrometer Testing
Mountaire Farms of Delaware, Millsboro, DE

CONCLT]SIONS AND RECOMMENDATIONS
Conclusions:

1. A total of 47 test pits and 46 double-ring infiltrometer tests were completed at the

Mountaire Farms of Delaware spray field sites in September and October 2019.
2. Soil classifications at each test pit were performed by Bruce Bagley, a Delaware certified

(D-3) soil scientist with assistance from an Earth Data geologist.

3. Double ring infiltrometer tests were performed in accordance with ASTM standard

D3385-18.

4. Based on soil descriptions and infiltrometer testing the Mountaire spray site was judged

to consist of two areas (north and south areas), chancterized by similar soil types but
distinct average infiltration rates.

5. The north area is dominated by Arenic Hapludalt soils with inclusions of Aquic
Hapludalt. The south area is also mapped as predominately Arenic Hapludalt soils, but
only contains minor Aquic Hapludalt inclusions. This is an important distinction.

6. Testing within the seven spray fields located in north area showed a maximum
percolation rate (geometric mean) of approximately 3.44 inches per week based on EPA
l98I 12006 methodology.

7. The six spray fields located within the south areahad a geometric mean maximum
percolation rate of 7 .44 inches per week.

8. These recent soil percolation rate data support continuance of Mountaire's current
permitted wastewater application rate of 2.5 inches per week across the spray sites.

9. Based on visual observations made within the test pits, evidence of soil compaction likely
due to agricultural activity was noted in spray helds WHBJ-3, WHBJ-4, WHBJ-5,
WHBJ-6, and WHBJ-7.

Recommendations:

1. To mitigate soil compaction as noted in test pits located in 5 different spray fields, it is
recommended that Mountaire implement a plan to initiate subsoil mechanical ripping to

an approximate depth of 18 inches bls across the entire spray site.
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LIMITATIONS

This summary report has been prepared in accordance with generally accepted soil and

hydrogeologic practices for this area and is for the exclusive use of Mountaire Farms of
Delaware. No other warranty, expressed or implied, is made. The findings and conclusions

presented in this report are the result of field work and analysis using available data. There may

be sub-surface or groundwater conditions not disclosed by these field investigations.

J.P. Stokes, P.G.
Senior Hydrogeologist

Jeff Chipman
Geologist
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